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Presentation Notes
I&W, Inc. Brine Well in Carlsbad
Within days of the first brine well collapse at the JWS facility southeast of Artesia in July 2008 division personnel became concerned about an oilfield trucking operation in Carlsbad owned by I&W, Inc. which included an active brine well of similar depth and production history.  
 
The first brine well, Eugenie #1 (labeled “E1” in the figure) went into production in August 1978.  The single well was not able to provide brine at sufficient volumes for the business and consequently Eugenie #2 (E2) was completed in November 1979 and hydraulically fractured to establish communication between the wells.  Thereafter, fresh water was injected in E2 from the city main and brine produced at E1.  This procedure enabled brine to be produced at three times the previous rate.

The system operated in a 2-well configuration until late-1999 when due to a failure in mechanical integrity, E2 was plugged and brine was thereafter produced in a single-well mode until 2008.

Total historic  brine production at the facility is estimated at between six and eight million barrels which equates to an underground mined cavern volume between 6 to 8 million cubic feet (about one million barrels).  The top of the salt cavern lies approximately 450 feet beneath the ground surface.
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Presentation Notes
Catastrophic failure of the cavern could result in a large sinkhole and surrounding earth cracks.  Even gradual failure resulting in surface subsidence of only inches could cause significant problems.

To the north passes a BNSF rail spur (leased to Southwest Railroads) used to transport a significant percentage of potash to market.

Two major roadways could be affected; US 285 to Loving and Pecos which is an alternate WIPP transport route, and US 62/180 leading tourists to the Carlsbad Caverns.

The Carlsbad Irrigation District canal passes immediately to the south and above the inferred cavern.  This canal provides most the water for $100 million each year in regional agriculture.

Surrounding private properties include a feedstore, agriculture products supply, church and a trailer park.  There are also three facilities nearby selling fuel contained in underground storage tanks.
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Presentation Notes
This figure depicts the footprint of the cavern as measured using a magnetotelluric geophysical technique undertaken in 2011.  The approximate north/south dimension is 1,700 feet (0.32 miles) and east/west about 1,000 feet (0.19 miles).  The magnetotelluric process is likely able to detect cavern heights in excess of three feet.  As such the cavern may be even laterally larger.  At the measured core near E1, the cavern approaches 200 feet in vertical height.
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OCD’s current working hypothesis is that due to historic setting of the casing shoe at or very near the salt/overburden contact, along with the federal requirement for fresh water injection thru the annular space, has resulted in laterally large solution caverns with deeper central cores in the area of the production tubing.  This geometry is a recipe for structural failure and subsidence.



Sinkhole with Concentric Fractures 
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Consequently, when catastophic failure occurs a deep sinkhole may be formed in the immediate area of the well where the cavern height is greater, but broader roof collapse in outlying areas where the cavern height is substantially less might endure surface fractures seen at many other collapse sites.



Subsidence Bowl 
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There is also the possibility for a more gradual failure scenario ultimately resulting in simple surface subsidence of a foot or more in the area of the cavern.  Such a situation, though less spectacular, can be equally problematic for infrastructure.
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Surface Subsidence 

October 13, 2011 
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The next five graphs provide data previously presented to the committee regarding historic monitoring in the area.  On each of the graphs I have inserted a dashed vertical yellow line corresponding to the date of last year’s meeting in October.  As such, all data points to the right of the vertical line represent information gathered since that time.

This first graph shows the elevation of one of the multiple surface benchmarks surveyed twice monthly.  The vertical full scale of the graph is one-half foot (six inches).  The thin white line is a simple linear fit of the data showing the downward trend in elevation (subsidence) at an overall rate of about 0.3 inches per year at this location.



Surface Tiltplates 

October 13, 2011 

Presenter
Presentation Notes
The graph above presents data from five of the surface tiltplates which are measured weekly.  Overall change in the angle of these plates range from 0.1 to more the 0.4 degrees.  The two tiltplates shown on either side of the irrigation canal along with the plate installed north of the former office near US 285 appear to be accelerating in their movement.



Borehole Tiltmeters 

October 13, 2011 
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Data from the four borehole tiltmeters which provide the heart of the early warning system continue to show ground movement, but at variable rates.



Groundwater Levels 

October 13, 2011 
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Groundwater levels in the aquifer situated several hundred feet above the brine cavern vary based on precipitation, regional pumping, and canal losses.  If the brine cavern were to fail, upward movement of brine into this freshwater aquifer would render a large amount of the groundwater unusable.  Due to the regional drought conditions, water levels in the Carlsbad area have declined more than 17 feet since the Winter of 2010 and 4.5 feet since this Spring.



Cavern Pressure Monitoring 

October 13, 2011 
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Pressure within the cavern continues to climb. The rise indicates the cavern is not in equilibrium with its environment due to thermal instability, salt creep, and downward overburden movement.



May - Pre-Proposal Conference – Ten firms attended 

Professional & Technical Services Contract 

April 2012 - Request for Proposals issued  by State Purchasing 

June – Four proposals received 

July – AMEC Environment & Infrastructure notified as winner 

Present - Contract nearly finalized 



• Assume operational responsibility for monitoring program 

Professional & Technical Services Contract 
Scope of Work 

Task 1.  Site Monitoring and Early Warning 

• Evaluation of all systems and programs 

• Recommend improvements 

• Implement approved improvements including webcams and               
microseismic system 



• Repeat magnetotelluric survey on tighter grid within I&W 
property 

Professional & Technical Services Contract 
Scope of Work 

Task 2.  Continued Geophysical Characterization 

• Advance and log multiple off-cavern coreholes 

• Reinterpret existing seismic, magnetotelluric, resistivity, and 
microgravity surveys 



• Conduct stakeholder meetings 

Professional & Technical Services Contract 
Scope of Work 

Task 3.  Feasibility Study 

• The written feasibility study will include possible corrective 
actions evaluating the strengths and weaknesses of each 
along with cost estimates for implementation.  The study will 
also include the concerns of stakeholders. 

 
 



• Listening for low energy seismic noise emitted from a reservoir 
during hydraulic fracture stimulation 

Microseismicity 

• Allows direct detection of patterns of fluid movement, 
fracture development, or compaction 

• Passive geophone arrays monitor microseismic events in real 
time to potentially provide not only early warning of a 
significant failure in integrity, but also to develop 3-dimensional 
structural imaging of the cavern 



Presenter
Presentation Notes
This is a simplified diagram depicting the microseismicity associated with hydraulic stimulation of a hydrocarbon bearing formation.  Each of the colored “bubbles” represents a minor seismic event.



Microseismicity 

Microseismicity along existing fracture activated by frac stimulation 



Microseismicity 
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This is a photo of a semi-permanent microseismic monitoring station above the Bakken formation in North Dakota.



Microseismicity 

Ekofisk Oil Field 
(Central Graben/North Sea) 
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Presentation Notes
The microseismic events depicted on the left are associated with subsea subsidence resulting from the removal of crude oil from formations beneath the North Sea which was used to map structural fractures (figure on the right).



Microseismicity 

Microseismicity related to movement of sediments over a reef structure 



• Enhanced degree of early warning due to the ability to locate 
seismic sources subsurface in three dimensions 

Microseismicity 

• Indicate where failing areas of the cavern are such that 
remedial actions can be prioritized and are most cost-effectively 
directed 

• Quicker determination of the success of remediation 



New Mexico Brine Production – 1/1/10 thru 3/31/12 

October 13, 2011 
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While the market value of brine is relatively low (less than two dollars per barrel), monthly statewide brine production since 2010 continues to grow and is exceeding 200,000 barrels per month.
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